Abstract. Indonesia has released two different Greenhouse Gas (GHG) emissions reduction targets. The first target, released in 2009, is reduction GHG emissions 26% from Business-as-Usual (BAU) level using own budget and up 41% if supported international aids by 2020. The second target is reduction 29% and 41% from BAU by 2030 using own budget and with international support, respectively. In this paper, the BAU emissions and emissions reduction target of these two targets are elaborated. In addition, the characteristics of emissions from transportation sector are discussed. One of the potential mitigation actions is switching fuel in transportation sector. The results the most promising mitigation action in the transportation is switching oil fuel with biofuel. The Government of Indonesia (GoI) focuses on using biodiesel and bioethanol to run internal combustion engine in transportation sector and biogas is aimed to fuel power plant unit. However, there is very limited of success stories on using biogas in the power plant. The barriers and challenges will be discussed here. It is suggested to run internal combustion engine with biogas.
Introduction
Global warming or climate change is the rise of the average temperature of the earth's climate system. The global warming is caused by GHG emission from all activities in the world. To avoid the catastrophe, mostcountries coordinated by United Nations Framework Convention (UNFCC), have committed on reducing their GHG emissions. Parties of UNFCC have agreed that deep cuts in emissions are required and that global warming should be limited to well below 2.0 o C compared to pre-industrial levels. The Government of Indonesia (GoI) has released two targets in the last 10 years. The first target is released in 2009. Here, GoI has committed on reduction GHG emissions 26% from Business-as-Usual (BAU) level using its own budget and up 41% if supported international aids by 2020 [1] . The second target is released in 2016. The emission reduction is 29% and 41% from BAU by 2030 using own budget and with international support, respectively [2] .According to Intergovernmental Panel on Climate Change (IPCC), the GHG emissions can be divided into four sectors. They are Energy, Industrial Process and Product Use (IPPU), Agriculture, Forestry, and other Land Use, and Waste sectors [3] . Since the targets have been released, the main issue in Indonesian development includes emission reductions or mitigation actions. Several studies on mitigation actions to meet Indonesia target have been found in literature.
Dutu [4] reported the study on the challenges and policies in Indonesia's energy sectors. The study showed that Indonesia's energy sector faces many regulatory, environmental and infrastructure hurdles. Indonesia's energy policy can be improved through greater use of renewables, especially geothermal. The sector should be further developed until more renewable energy come on line. In order to boost investment on renewable energy development, the government control over the oil industry should be reduced. Clarifying and simplifying regulations is keys to attracting foreign companies and protecting the environment. Jafari et al [5] examined the long run Granger causality relationship between economic growth, carbon dioxide emissions and energy consumption from 1971 to 2007 in Indonesia. It was found that there was no relationship between these parameters except the causality effect that runs from urban population to energy consumption. The finding suggested that energy conservation strategies in Indonesia may not procedure desirable effect on emission target and Indonesia does not have to relinquish economic growth. Alam et al [6] examined the impacts of income, energy consumption and population growth on GHG emissions by using a yearly time series data from 1970 to 2012 of India, Indonesia, China, and Brazil. The results revealed that GHG emissions have increased significantly with increase in income and energy consumption. In addition, population growth has been statistically insignificant for Indonesia and GHG emissions will decrease over time when income increase. It was suggested that Indonesia should not develop any mitigation actions or its policy that might have conservative impacts on income. Mujiyanto and Tiess [7] reported the study on secure energy supply in 2025 of Indonesia energy policy. The results showed that investment incentive for new technologies, exploration and efficient production are necessary. It was suggested to provide clear and comprehensive energy policy strategy and regulatory framework. Deendarlianto [8] presented energy mix model for transportation sector in Indonesia. Several strategies have been examined such as introduction compressed natural gas (CNG) technology, vehicle retirement program, and hybrid vehicles. The results revealed that the most effective strategy in mitigation action is retirement program of old vehicles. On the other hand, the CNG program does not give significant impact on emission reduction, subsidy cost and fuel consumption. Sukarno et al [9] investigated the effects of household lifestyle on residential energy consumption. The study showed that power consumption (operation and standby mode), number of appliances and operating hours are the three aspects that play an important role on decreasing GHG emission.
The above reviewed studies reveled that study on the Indonesian mitigation actions, especially in energy sector, has come under scrutiny in recent years. However, the study on effect of fuel switching strategy on the emission reduction target has not found yet. In this study, the potency of employing biogas to run internal combustion engine will be examined. The main objective is to supply the necessary information for GoI to meet the emission reduction target.
Methods
This study is a combination of literature review and analysis. The policy released by the GoI relate to GHG emissions are reviewed. The history of energy consumption by using statistic data is presented and based on the history, energy consumption is projected to develop BAU emission. The potency of biogas from selected sector is examined. Several research papers on combustion engine fueled by biogas are reviewed to draw fossil fuel replacement ratio.
Results and Discussions

Policy and Energy Consumption
The milestone Indonesian policies related to GHG emissions have been reviewed and shown on Figure 1 . As a first response to climate change, Indonesia has released a national development plan reinforced with a policy umbrella which than derived into Long-term As mentioned in those policies, there are two targets emissions reduction have been released by the GoI. In each target, there are two number are stated, they are target by using own resource and target by additional international support.Both targets are shown in Table 1 , the first and second targets have time limit by 2020 and by 2030, respectively. In the first target, the total emission reductions are 767 MT CO2eq and 1,189 MT CO2eq for 26% and 41 targets, respectively. It can be seen that the biggest emission target is come from Forest and Pet Land sector. In specific, the target from Energy and Transportation sector is only 36 MT CO2eq and 56 MT CO2eq. However, this is related to energy which is strongly affects economy growth. Thus, mitigation action to meet this target must be treated properly. In the second target, there is no explanation of target division in each sector. In Indonesia, the energy consumption typically divided into several subsectors, they are household, industrial, transportation, commercial and others. In2015, the total energy consumption in Indonesia was 1,040,677,025 Barrel Oil Equivalent (BOE). The final energy consumption and energy share in Indonesia in 2015 are shown in Figure 2 . The figure shows that transportation sector is the biggest consumer with percentage of 36% of this energy and followed by Industrial and Household sectors with percentage of 31% and 15%, respectively. The analysis reveals that the intensity of energy per capita in Indonesia in 2015 was 2.86 BOE/capita. The energy consumption per capita in the last 5 years from 2011 to 2015 are 3.5, 3.55, 3.18, 3.19, and 2.86 BOE/capita, respectively. These number shows that the energy consumption decrease with increasing time. This is might be because the increasing in energy price and energy conservation and energy efficiency programs. The energy share of the final energy consumption is also shown in the figure. The figure shows that 46% of energy consumption comes from oil and followed by coal and gas with share of 26% and 23%.
As a note, Indonesia has abundant new and renewable energy resources. The potency and installed capacity of the present Indonesian new and renewable energy are shown in Table 2 . As a comparison in year 2016, the total capacity of generated national wide electricity is 51,915 MW. In 2015, total Indonesian natural gas reserve is 150.39 TSCF and oil production is 690 kilo barrels per day (bpd). These facts suggest that the new and renewable energy potencies can filled these electricity, oil consumption and oil reserves. However, only 5% of the final energy consumption is supplied by renewable energy resources. The above reviewed policies revealed that there is a strong commitment from GoI to utilize new and renewable energy resources. Figure 3 shows the BAU projection of energy consumption and the alternative projections. The alternative projection is defined as energy consumption if all of mitigation actions and utilization of renewable energy resources are implemented. In the figure, the BAU energy consumption is made based on the assumption that the growth of Gross Domestic Products (GDP) of Indonesia is 5.6% yearly during 2016 -2050.The population growth is 1.19% in 2015, 1.00% in 2020, 0.8% in 2025, and 0.62% from 2030 to 2050. In 2015 the population is 255 million and it will be 335 million in 2050. During 2016 to 2050, it is assumed that fuel price increases as 1.2%, 0.9%, 2.3% per year for coal, natural gas, and oil, respectively. In the projection of alternative 1 (Alt 1), the same assumptions in BAU are used but, all mitigation actions and renew able energy programs are implemented perfectly. The share energy in 2015 is 5%, the projection of renewable energy share in 2025, 2030, and 2050 are 22%, 26%, and 31%, respectively. The penetration of the present proven technologies is assumed to be 75%. In the alternative 2, all of the assumption in alternative 1 are employed. But, the difference is the GDP growth. In alternative 2, the GDP growth is assumed to be 7.1% yearly. 
Combustion Engine run on Biogas
The main challenge in the implementation of alternative 1 is in the transportation subsector. This subsector is the main energy consumer in the energy sector. The transportation sector includes all of vehicles for public use and for agricultural use. In this subsector, the proposed mitigation actions mainly consist of penetration of technologies efficient combustion engine, hybrid cars, electric cars and fuel switching. The fuel switching program is supported by Indonesian Ministry of Energy and Mineral Resources regulation no 25 year 2013 on the revision of regulation no 32 year 2008 concerning the provision, utilization and commerce of biofuel as alternative fuels. The target of fuel switching in gasoline and diesel oils has shown in Table 3 . 
Figure 4. History fuel consumption in transportation sector in Indonesia
The effect of that regulation can be seen in the national oil consumption as shown in Figure 4 . The figure shows the gasoline, diesel oil, bioethanol and biodiesel consumption in Indonesia from 2000 to 2015. The figure shows that, in the transportation subsector the consumption of fuel increase with increasing time. There is a strong effect of oil price to fuel consumption. The effect of mandatory biofuel regulation can be seen clearly in the figure. However, only biodiesel shows the significant growth. In several years, it can be over than diesel fuel. This is because Indonesia has abundant biodiesel resources from Palm Oil industry. On the other hand, the growth of bioethanol is very low. The highest bioethanol consumption was 126,048 Kilo liter in 2006 and after that it is zero. Even though, according to regulation the mandatory bioethanol consumption in 2016 must be up to 2%, however, the statistics data show that the bioethanol consumption in 2016 is zero.
The other solution to this situation is to promote technology of fueling internal combustion (IC) engines with biogas. According to studies reported by Ambarita et al [11, 12, 13] there are several technologies can be applied as solution. The IC engines presently in service can be divided into spark ignition (SI) engine and compression ignition (CI) engine. The SI and CI engines are fueledby gasoline and diesel oil, respectively. The SI engine can be run on biogas without any significant modification. However, there are exists several challenges such as biogas container, converter kit, knocking, and performances of the SI engine. Overall, biogas is a perfect fuel for switching gasoline fuel into biofuel to run SI engine. On the other hand, for CI engine there are two methods, can be employed. They are dual-fuel mode and full biogas mode. In the dual-fuel mode, the biogas is injected to the combustion chamber from intake manifold and a certain amount of diesel oil is used to start the ignition. In this method, there is no significant modification is needed. When the biogas is absence or no sufficient biogas is present, the CI engine can easily be converted into pure diesel mode. In the full biogas mode, the CI engine is converted into SI engine. Here the fuel injector is replaced with spark ignition engine. The main weakness of this mode is that the modified CI engine cannot be easily converted into pure diesel mode. The study by Ambarita [11] showed that for a small CI engine run on dual-fuel mode, the diesel oil replacement ratio varies from 15.3 % to 87.5%. This means, this technology is potential to reduce diel oil consumption as well as GHG emission.
Figure 5. History of Plantation Area and CPO production of Indonesia
As mentioned above, the potential biofuel for fuel switching application is biogas. The biogas is an important source of biofuel produced from anaerobic biodegradation of organic material. It consists of methane typically range from 40 -70% and its low heating value is between 15 and 30 MJ/Nm 3 . Indonesia, as an agricultural country, has an enormous potency of biogas. One of the potential biogas resources in Indonesia is Palm Oil Mill Effluent (POME). The traditional treatment of POME is by collecting it in a pool. After a certain time, it will release methane gas into atmosphere. As a note, methane gas is also a greenhouse gas that results in climate change. According to IPCC, methane gas 21 time more dangers than CO2. An analysis shows that 70% of GHG emissions from Crude Palm Oil (CPO) production process resulted by traditional POME production. Thus, strategy to capture POME and use it as fuel to replace oil for transportation and machineries has multiple effects on GHG emission reduction. This is because, it will reduce methane and CO2 both from as GHGs. Indonesia is known as the biggest CPO producer in the world and followed by Malaysia. In order to estimate the potency of GHG emission from Palm Oil Industry of Indonesia, the area and CPO production in the last 25 years are shown in Figure 5 . The figure shows that the CPO production and plantation area increase with increasing time. The average growth of plantation area and CPO growths in the last 5 years are 5.9% and 6.8%, respectively. The average production of Palm Oil plantation varies from 1.7 to 2.8 ton CPO/Ha/year. [14] reported a study on the anaerobic treatment of POME to produce biogas as an energy source and to avoid GHG emissions. The study and data collections were carry out in a Palm Oil industry at a Palm Oil company PT Asam Jawa in Sumatera Utara province of Indonesia. The industry has plantation area of 130,000 Ha. The results revealed that total energy input and energy output of POME treatments are 84 MJ/ha/year and 2021 MJ/ha/year, respectively. The net energy yield is 1937 MJ/ha/year. Since the Palm Oil industry in Indonesia is well developed, this energy yield can be used to predict energy produced from converting POME into biogas. If only 10% of the energy produced in Biogas can be used in transportation sector, the energy produced from biogas and energy used for transportation are presented in Figure 6 . The figure shows that it is possible to employ the biogas energy to replace oil consumption in transportation sector.
Conclusions
In this work, regulations related to climate changes in Indonesia have been reviewed. The strategies to meet the emission targets have been elaborated. The conclusions can be drawn here are as follows. The GoI has shown strong commitment on reducing its GHG emissions. Several regulations have been released to support the commitment. In the energy sector, there are two types of strategies are employed. Technologies intervention of energy efficient and switching to renewable energy resources. It was shown that Indonesia has a very big potency of new and renewable energy resources. However, in the condition of 2015, the utilized renewable energy resource is only about 5%. The GoI has a plan to increase its present energy share 5% in 2015 to 22%, 26%, and 31% in year 2025, 2030, and 2050, respectively. In order to meet these targets, biodiesel and bioethanol mandatory targets are introduced. However, the target especially bioethanol, seem to be failed. Thus, it is suggested to employ Biogas resulted from POME to be biofuel for transportation sector.
